A study of types and distribution of trichomes, pollen morphology, chemical composition of essential oil, and the content of macroelements and trace elements was conducted on endemic and previously uninvestigated Geranium dalmaticum (Beck) Rech. f. and widely distributed G. macrorrhizum L. growing in Croatia. The essential oil of G. dalmaticum was characterized by a high concentration of monoterpenes (82.2%) and the oil of G. macrorrhizum by mainly sesquiterpenes (76.7%). Among the investigated macroelements, the content of Ca was the highest (19,125.6 mg/kg and 22,439.6 mg/kg in G. dalmaticum and G. macrorrhizum, respectively). The content of trace elements ranged from 0.16 (Cr) to 110.01 mg/kg (Al) in G. dalmaticum, and from 0.01 (Cd) to 101.8 mg/kg (Al) in G. macrorrhizum. Non-glandular trichomes and two (in G. dalmaticum three) types of capitate glandular trichomes (type 1 composed of one basal epidermal cell, and one head cell with subcuticular space; type 2 composed of one basal epidermal cell, one or two stalk cells, and one head cell with subcuticular space; type 3 composed of one basal epidermal cell, 2-6 stalk cells, and one head cell with subcuticular space) were observed on leaves, stems and calyxes.
The genus Geranium L. (family Geraniaceae Juss. 1789) includes about 300 herbs distributed throughout the world, especially in the temperate belt and the montane areas of the tropics [1] [2] [3] . Thirtynine Geranium species have been described for Europe [1] and twenty-one for Croatia [4] . Among them, G. dalmaticum (Beck) Rech. f. has a specific position as an endemic Illyric-Balcanic species. G. dalmaticum and G. macrorrhizum L. are closely related species, but G. dalmaticum is smaller and more delicate [1] . It is a perennial herb up to 15 cm high with dull purplish-red flowers. It grows in crevices of calcareous rocks, and at the edges of karst valleys and cracks in limestone in Croatia (only on Mt St. Ilija, the Pelješac Peninsula, south Dalmatia), Montenegro and Albania at altitudes of 200 m to 961 m [1, 5] . It is a little known and completely uninvestigated species. G. macrorrhizum is a perennial herb up to 50 cm high with dull purplish-red flowers. It grows in mountainous and shady places on calcareous soils [1] and is distributed in France, Italy, Austria, the Balkan Peninsula, Romania, and west Russia [3] .
Geranium species are known as decorative and aromatic, with considerable quantities of essential oils. In Turkey, some Geranium species (G. purpureum Vill., G. tuberosum L.) are used in traditional medicine due to their antidiabetic, hemostatic, antihemorrhoidal, and antidiarrheal activities, as well as for the treatment of pain, fevers and gastrointestinal ailments [6] . G. robertianum L. is used in traditional medicines as an astringent, an antidiarrheal, for treatment of eyes infections, for kidney and gall stones [7] , and for male fertility improvement [8] . In folk medicine in Bosnia and Herzegovina G. macrorrhizum is used in the form of an infusion and decoction for stomach ailments [8] . Some Geranium species have considerable antimicrobial and antioxidant activity [6] .
The types and distribution of trichomes are of great interest for taxonomic investigations. Glandular trichomes are the site of essential oil biosynthesis, secretion and accumulation and they have been investigated by many authors [9] [10] [11] [12] [13] [14] [15] [16] .
Most microelements are essential for higher plants, predominantly as constituents of metaloenzymes, or as bridging elements between enzymes and substrates [17] . The mineral composition of a plant is affected by both environmental factors and genotype (defining the need and ability of the plant to accumulate minerals from the environment). In addition to the presence of essential elements, plants can also contain significant amounts of toxic elements and, if used as food, condiment or medicine, can show serious adverse effects [18] . Additionally, plant overload with certain metals can impair its biological (antioxidant) activity [19] . The aim of the presented study was to obtain additional knowledge on the genus Geranium in general, and on the endemic species G. dalmaticum in particular. Only one locality of G. dalmaticum is known in Croatia. Phytochemical and micromorphological characters of G. dalmaticum plants from this site were compared with those of the closely related G. macrorrhizum.
Composition of essential oils:
Water distilled essential oils from aerial parts of Geranium dalmaticum and G. macrorrhizum were analyzed by GC and GC-MS and 39 different compounds were identified: 32 from G. dalmaticum and 31 from G. macrorrhizum, representing 96.5% (yield 0.3%) and 94.8% (yield 0.2%) of the total oil, respectively (Table 1 ). In the oil of G. dalmaticum, the main fraction was constituted of monoterpenoids (82.2%). Among these, oxygenated monoterpenes (74.9%) prevailed over monoterpene hydrocarbons (7.3%). In the oxygenated monoterpenes fraction linalool (38.9%), myrtenol (14.4%) and geraniol (9.9%) predominated. Another G. dalmaticum oil fraction accounted for 14.3% of the total oil, with oxygenated sesquiterpenes (6.6%) as the main group. Phenolic and carbonylic compounds, and hydrocarbons represented only 4.2% of the total oil.
The oil of G. macrorrhizum was mainly comprised of sesquiterpenoids (76.7%), particularly oxygenated sesquiterpenes (60.7%). In particular, four oxygenated sesquiterpenes were present with a prevalence of germacrone (55.6%). Ten sesquiterpene hydrocarbons were present in the oil, with β-caryophyllene (4.5%) and β-bisabolene (3.3%) as the major compounds (Table 1 ). Among [20] set at 10 mg/kg, 2 mg/kg and 0.3 mg/kg, respectively. As presented in Table 2 , the contents of Cd, Cu and Ni in G. dalmaticum; Cu and Ni in G. macrorrhizum were lower than the detection limits.
Micromorphological traits: Both non-glandular and glandular trichomes could be observed on leaves, stems and calyxes of G. dalmaticum and G. macrorrhizum. The type, occurrence and frequency of trichomes on all investigated plant parts are shown in Table 3 . Non-glandular trichomes were unicellular, unbranched, uniseriate, and folded at different levels (Figure 1 a, j, m) . Parts of the surface of these trichomes revealed a warty appearance due to the occurrence of cuticular micropapillae (Figure 1 j) . According to Payne's plant hair terminology [22] , they could be noted as attenuate hairs. They are situated mainly along the veins, both on the adaxial and abaxial leaf surfaces, on the sepals' margin and on stems.
Glandular trichomes are common in Geraniaceae species, and their function is devoted to essential oil production and storage [16] . Three types of capitate glandular trichomes could be observed on the investigated species. Type one, capitate trichomes (C1), were small and composed of one basal epidermal cell, one stalk cell and one oval head cell with a subcuticular space. These trichomes were not upright but could be described as clinging to the surface ( Figure  1 c, g ). They were only observed on the abaxial leaf surface and on the calyx of G. dalmaticum, but not on G. macrorrhizum (Table 2) . Type two capitate trichomes (C2) were small, upright and composed of one basal epidermal cell, one or two stalk cells and a rounded single celled head with a subcuticular space (Figure 1 b, d,  g, k) . The C2 trichomes were present in both species and are most abundant on the calyces and stems of G. macrorrhizum (Table  3) .Type three capitate trichomes (C3) were upright and composed of one basal epidermal cell, two to six stalk cells and a rounded single celled head with a subcuticular space (Figure 1 e, h, i) . These long stalked capitate trichomes were present in G. macrorrhizum both on the adaxial and abaxial leaf surfaces (mostly on the veins) and were abundant on the calyces of both species (Figure 2 e, g ). C3 trichomes were only rare on stems of G. macrorrhizum. Figure 2 shows the distribution of the trichomes on the adaxial (Figure 2 (Figure 2 a, c, e, f, h ) and G. macrorrhizum (Figure 2 b, d, g, i) .
Pollen grains of G. dalmaticum (Figure 3 a-c) and G. macrorrhizum (Figure 3 d-f) were single (monad pollen), isopolar, and spheroidal. G. dalmaticum has large pollen grains (50-100 μm), whereas those of G. macrorrhizum are very large (100-200 μm). Diameter With the aim to expand and deepen the current knowledge of G. dalmaticum and G. macrorrhizum, their phytochemical and micromorphological traits were investigated in this study. In the oil of G. dalmaticum the main fraction was linalool (38.9%). Linalool (22.9%) was also identified as the major compound in the oil of G. robertianum oil from the Netherlands [23] . In the oil of G. macrorrhizum the main fraction was germacrone (55.6%). Similar to our results, germacrone (49.7%) was also identified as the major compound in the oil from aerial parts of G. macrorrhizum, growing in Serbia [24] . However, the compositions of the essential oils of G. dalmaticum and G. macrorrhizum were remarkably different from those of some other Geranium species. In the oils of G. columbinum L., G. lucidum L., G. sanguineum L. and G. robertianum L. fatty acids and fatty acid derived compounds were the most abundant fractions [25, 26] , whereas these compounds could not be identified in the oils of G. dalmaticum and G. macrorrhizum.
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The mineral composition of plants usually refers to the presence of certain environmental factors, but is partially defined by genotype that determines the need and ability of the plant to accumulate minerals from the environment. Our result show that G. macrorrhizum contained a significantly higher content of the investigated macro-and trace elements (Ca, Mg, Zn, B, and Mn) except for Na and Fe that were more abundant in G. dalmaticum herb. The observed differences are probably the result of different species-related affinity for investigated elements, but since samples were collected from different locations in Croatia, environmental factors, such as soil composition, cannot be excluded. Considering the traditional use of Geranium species as medicinal herbs and possible adverse effects of heavy metals, it is important to emphasize that the levels of all investigated toxic elements were below WHO recommendations [20] . To the best of our knowledge, this is the first report of macroelements and trace elements in Geranium species.
Micromorphological investigation revealed the presence of nonglandular trichomes in both species, three types of capitate glandular trichomes in G. dalmaticum (C1, C2, C3) and two types in G. macrorrhizum (C2, C3). Non-glandular trichomes are also present in some other Geraniaceae species [16, 27] . Pedro et al. [29] did not mention non-glandular trichomes in Geranium robertianum L. Capitate glandular trichomes are also known for some other Geraniaceae species. Pedro et al. [29] found C1 trichomes with a two stalk cell in G. robertianum. Trichomes comparable with C1 trichomes found in G. dalamticum, but composed only of the basal cell and a more elliptically formed head cell are known from several Lamiaceae species [11, 28] . Trichomes comparable with C2 trichomes, but with a pear shaped apical cell were found in G. robertianum [29] . Tahir et al. [27] found this trichome type in some Pelargonium L'Herit species. Trichomes comparable with C2 trichomes, but with three stalk cells and a larger, more elongated head cell are known from Pelargonium  fragrans (Poir.) Willd. 'Mabel Gray' [16] . Trichomes comparable with type three capitate trichomes are known from G. robertianum [29] , Pelargonium spp. [27] , and Pelargonium  fragrans 'Mabel Gray' [16] .
Pollen grains of both G. dalmaticum (Fig. 3 a, b, c) and G. macrorrhizum (Fig. 3 d, e, f) were single (monad pollen), isopolar and spheroidal. They were tricolpate with very short, almost porate apertures. The major difference between the investigated species is that G. dalmaticum has significantly smaller pollen grains (50-100 μm), in comparison with the very large pollen (100-200 μm) of G. macrorrhizum. Large pollen is also a feature of Geranium pyrenaicum Burm. f. [32] , G. canariense Reut. [33] , G. phaeum L. [34] , G. pratense L. [35] and G. sibiricum [36] , while G. robertianum [37] and G. rotundifolium L. [38] have medium-sized pollen. The appearance of pollen from G. dalmaticum and G. macrorrhizum are very similar to that of other Geranium species [32] [33] [34] [35] [36] [37] [38] .
Micromorphological data, the composition of essential oil and macro-and trace element analysis conducted in the framework of this research present an original contribution to the current knowledge of the investigated species, especially of the endemic, rare, and until now completely uninvestigated G. dalmaticum. harvested from mature plants on a dry day and mixed to obtain randomly selected samples. Samples were air-dried for 10 days in a well-ventilated room at 60% relative air humidity and room temperature (22°C), single-layered, and protected from direct sunlight. Dried aerial parts (100 g) were subjected to hydrodistillation for 3 h in a Clevenger type apparatus. The obtained essential oil was dried over anhydrous sodium sulfate.
Experimental
Dried aerial parts were also used for determination of macroelements and trace elements. For micromorphological investigation of trichomes, samples (leaves, bracteoles, flowers, stems) of 7 plants per locality were fixed in FAA (formalin/96% ethanol/acetic acid/water -5/70/5/20) and later transferred to 70% ethanol for further storage. Pollen was collected from 10 randomly selected plants, mixed to obtain random samples, and stored in glass vials at -20 C until analysis.
Gas chromatography and mass spectrometry (GC, GC-MS):
Essential oil content was investigated according to Dunkić et al. [39] . Analyses were performed on a gas chromatograph (model 3900; Varian Inc., Lake Forest, CA, USA) equipped with a flame ionization detector ( Chromatographic conditions were as follows: helium was the carrier gas at 1 mL·min −1 , injector temperature was 250ºC, and FID detector temperature 300ºC. VF-5MS column temperature was programmed at 60ºC isothermal for 3 min, and then increased to 246ºC at a rate of 3ºC·min −1 and held isothermal for 25 min. CPWax 52 column temperature was programmed at 70°C isothermal for 5 min, and then increased to 240°C at a rate of 3°C·min −1 and held isothermal for 25 min. The injected volume was 1 μL and the split ratio was 1:20. Mass spectrometry (MS) conditions were: ionization voltage 70 eV; ion source temperature 200ºC; mass scan range: 40-350 mass units. The analyses were carried out in duplicate. The individual peaks were identified by comparison of their retention indices (relative to C8-C40 n-alkanes for VF-5MS and CP-Wax 52) with those from a homemade library, literature [21] and/or authentic samples, as well as by comparing their mass spectra with literature data [21] , Wiley 7 MS (Wiley, New York, NY, USA) and NIST02 (Gaithersburg, MD, USA) mass spectral databases. A homemade library was created from authentic compounds obtained commercially and from the main components of many essential oils from our previous studies. The component percentages were calculated as mean values from the GC and GC-MS peak areas using the normalization method (without correction factors).
Inductively coupled plasma atomic emission spectroscopy (ICP-AES):
The determination of macroelements (K, Na, Ca, Mg) and trace elements (Al, Fe, Zn, B, Mn, Ni, Pb, Cr, Cd, Cu) followed the methods of Kremer et al. [28] . Briefly, duplicates of 2 g ± 0.0005 of homogenized herbal material were wet digested with concentrated HNO 3 (5 mL) and 30% H 2 O 2 (2 mL) in the microwave digestion unit (MLS-1200 MEGA Microwave Digestion Systems, Milestone, Bergamo, Italy). The digestion conditions were: 1 min at 250 W Phytochemical and micromorphological characters of Geranium dalmaticum Natural Product Communications Vol. 8 (5) 2013 649 (smooth oxidation of organic matter), 1 min at 0 W (proceeding of reaction without addition of energy to avoid run-away temperatures and overpressures), 5 min at 250 W (termination of the soft oxidation of the organic compounds), 5 min at 400 W and 5 min at 600 W (final termination of oxidation processes by applying higher power). After cooling, the digested samples were diluted to 50 mL using deionised water and the obtained solutions were used for further investigation. The content of investigated elements was determined using inductively coupled plasma atomic emission spectrometry (ICP-AES) on Trace Scan Thermo (Thermo Jarrel Ash Corporation, Franklin, USA) using the standard technique [40] .
Scanning electron microscopy (SEM): For SEM-investigation, samples (stem, leaf, calyx) were transferred from 70% ethanol to 70% acetone, then dehydrated (70%, 90% and 100% acetone) and subjected to critical point drying using CO 2 as the drying medium (CPD030; Baltec). After that, samples were sputter coated with gold (Sputter Coater, AGAR) and examined under the scanning electron microscope XL30 ESEM (FEI) with 20 kV acceleration voltages in high vacuum mode [28] . Untreated pollen was mounted on carboncoated double-sided tape, sputter coated with gold and investigated with a SEM. The length of 50 pollen grains was measured. Common terminology [22, 41] was used in the description of trichomes and pollen.
Statistical analysis:
The analysis of macroelements and trace elements in Geranium dalmaticum and G. macrorrhizum herbs was conducted in duplicate and the obtained results were presented as average ± standard deviation. Unpaired t-test was applied to investigate if there were significant differences regarding the amounts of analyzed elements between the two investigated Geranium species (p<0.05). All analyses were preformed using GraphPad Prism 3.0 (GraphPad Software, USA).
